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(54) Titie: STATIN PRODUCTION BY FERMENTATION 
(57) Abstract 

. A 6n&-step biosyrithcsis process of pravastatin is disclosed. Fungal host cells tiiat can produce cbmpattin are transformed with a 
polynucleotide that encodes a foreign hydroxylase: enzyme which is capable of converting the compactin into pravastatin, this can be 
dieaper : and more efficient than previous twcHsmgc fermentation processes (firstly a fungus to produce compactin. arid then bacteria to 
hydroxylate the compactin to prayaistotin), . 
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. . STATm PRODUGTIQN: :BY : FERM ■■ . 

> : The present invention relates to fungal cells that; : 
, 5 comprise a foreign polynucleotide th^t includes. hydroxylase 
enzyme. The invention also relates to the productidn, by 
such cells, of hydroxy- containing compound (s) , that may be 
useful for reducing : cholesterol levels, by culturing these 

■ cells. ■ 

:>i^ -The "statins" are a faimly of c . 

r -l^-K/' usually inhibitors of 3 -hydroxy-3 -methylbutyryl coenzyme 
; . A reductase, the rate- limiting enzyme in cholesterol 

biosynthesis: - As reductase inhibitors, the statins 

i are ab^ie to reduce: ; plasma cholesterol levels in various ; 
15 mammalian ; species , including man , and are therefore effective . 
; • in thei^tr^atment of hypercholesterbietnia.^^l^^ V ; 

Of all the statins known today, only are 
producable ■ by f ermentat ion . de novo . These are lovastatin 

••• M-:-:;.' ::(.also- called mevinolin, mohacolin-K or mevacor) and compactin 
■ 20 (also )q[iown : as meyas tat in , or ML-236B) . All the other 

statinsxare produced by chemically, or: enzymatically 
: : : derivatising lovastatin or compactin One of -these is 

pravas t at in .(also referred to as CS-514 in the art) , which 
has found favour recently as it is a more potent HMG-GoA 
25; reductase inhibi tor than lovastatin or compactin^ . 
•U--;o-^^'^ . • V I 'liv-orcier};." t ^ prayast:ati^^ 
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•is, .require Both, .steps involve ■separate: fermentations as 
iilused in thevSG^ 




Contact in I . NaOH | ; ^ 



Streptomyces ;: 
carbophilus 




. "Pravastatin 

Figure 1, ; Pravastatin production by twb f emeritatipns . . ; 

In the; first step compaGtin is produced by a fungus ; 
5 : such as P. ci trinum. ; After the lactone ring has been opened 

(by using sodium hydroxide) a second fermentation step takes 
place ; : converting the .acid; form of compact in into pravastatin 
by hydroxylatioh at the 6 -position by a hydroxylase enzyme ■ 
pi^esent in the bacteriumyS. carbophilus i this two-step ■ 
10, fermentation process is required for a number of hydroxy- 
: ; : containing cpmpoiinds : tha are related to statins or have a 
similar structure. 

■ Glearly, one disadvantage with this prpces;s is that : 

; SUBSTITUTE 
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two different fermentation methods need to be employed in 
order to make pravastatin ; Cor other similar: hydroxy.^ ' 
. qphtainiiig $tatin-Uke compoimds) .^^^ yields, and 

increases costs . . One f actor /that; has , until now, liindered . 

' ^..n^?*^ : e| f i^ie^^^^^ is f act 

that cofnpactin has miid anti-fungal properties whic:h means 
thai in the- second hydroxylatihg stage manufacturers of 
pravastatin have used bacteria, such as of the genus 
Streptomyces , Indeed > many fungi have a low tolerance of 
compactin and therefore, today, the conversion of, compact in 
to pravastatin is preferably effected using bacteria-. 

The present invention seeks to solve, or at least 
mitigate, some of the problems encountered in prior art 
ippcesses, and ;; seeks to provide a more efficient process for 
preparing various hydroxy- containing statins , in particular 
pravastatin. Certainly ^ it would be desirable to be able to 
produce a hydroxy-containing statin by a more efficient 
method. 

Thus according to a first aspect of the present 
invention, there is provided a process: for the, biosynthesis . 
of conpound of the general formula : 



(I) 




suBSTtrirrE sheet (rule 26) 
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. ■ .- 4 - ■■ 

wherein; ■ ■ 

each of and independently represent a hydrogen 
atpin, a hydroxy, Cj-io alkyl, Ci^xo alkoxy, C.-io cycloalkyl or 
Pe-io aryl group or a Ci^n aralkyl group optionally containing 
one or more hetero atoms/ 

represents R'CO- or R^G (0)0- ; 

each of R"* and R"^ independently represent a hydrogen 
atom, -COOrV (except that then rV is not : a hydroxy or alkoxy 
group) , —OR- or -COR^' or, when combined complete a 
six-memlDe red carbon ring having , one or two oxygen ^ 
heteroatoms; 

wherein ;^ach qf the alkyl, alkoxy > cycloalkyl, aryl 
and/or aralkyl groups can be optionally substituted with, one; 
: pr more halogen atoms , t r i f luorome t hy 1 , v hydroxy or Ci_4 alkoxy 
groups ; 

and w, X, y and z represent none, 1 or when taken 
together up to 2 double bonds ; 

or a salt and/or isomer thereof ; • . 

the process comprising culturing a fungal host cell 
that expresses a foreign hydroxylase enzyme under conditions 
that allow biosynthesis to take place. 

The alkyl and alkoxy groups (either alone or as part 
of a larger group) can be either straight or branched. Alkyl 
groups are preferably C1.4 alkyl groups, for example methyl or 
ethyl, Alkoxy groups are preferably methoxy or ethoxy 
groups , 

Preferred cycloalkyl groups are pentyl or hexyl 
groups . Suitable aryl groups include phenyl or naphthyl. 

Preferably R^ represents a hydrogen atom or a methyl 



SUBSTPUTE SHEET (RULE 26) 
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■ group . Preferably represents a hydroxy group . . R- 
preferably represents -OC(0)r\ where R^ is a Cx_io alkyl. 
group, for example a C1-4 alkyl group. In preferred cdmpounds 
R- represents a 2 -methyl butyrate group 
(-OC(0)CH{CH3)C2H5) . 

R"* preferably represents a hydroxy group and/ or R^ 
preferably represents -COOH. When r' and R'.are not combined 
the compound of formula (I) is : in the acid. form: this can be 
converted to the lactone form by ring closure, so that R'r and 
R" when combined together can form a 6-membered ring (of 
carbon atoms) containing one or two oxygen vheteroatoms . Here ■ 
R" arid R- combined preferably represent -0(0)0-. 

It is preferred that two double bonds. are present: ' 
in this situation, generally double bonds will be in the 
locations w and y or x and z . 

Compounds of general formula (II) in this 
specification are compounds of formula (I) except where the 
hydroxy (HO) group at the 6-position is replaced by a . 
hydrogen atom (H) . It will therefore be apparent that 
compounds of formula (II) are precursors to: those of formula 
(I) ,: the conversion (from II to X) : be^^ by 
hydroxylat ion performed by the hydroxylase enzyme. Compounds 
of formula (II) therefore include compactin, which on 
hydroxylation form compounds of formula (I), which in the 
case of ;compactin will give pravastatin. 

For assistance, one of the preferred compounds of 
formula (IX) ■ is detailed . in the following Table > illustrating 
the appropriate substituents . 



SlIBSTITUTE SHEET (RULE 26) 
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TABLE 1 



5, 



II 






arid 

R^ 


R' 


Double 
Bonds 


Pravastatin 
(acid form) 


CH3 


OC(0)CH(CH3)C2H5 


OH and 
GOOH 


OH 


X and z 


Pravastatin 
(lactone) 


CH, 


bC(0)CH(CH3)C2H5 


-0C(0) - 


OH 


X and z 



Compactin, of formula (I), is the same as 
pravastatin as shown in Table 1 above but does not possess 
: the hydroxy (H0-) group at the 6 -position. ^ 

10 The various isomers of compounds of formula (I) are 

included; within the invention . This of course includes 
stereoisomers . Compounds of formula (I) , -or (II) , 
preferably have the stereoisomerism of pravastatin or 
compactin, as appropriate . 

Salts include acidic and/or basic : salts formed with 
inorganic and/or organic bases. Non- toxic, pharmaceutically 
acceptable salts are preferred. These include ammonium 
salts, as well as alkali metals (e.g. sodium, potassium and 
lithium) or. alkaline earth metal salts (calcium and/or 

20 magnesium) . 

Preferred compounds of formula ( I ) are HMG-GoA 
reductase inhibitors . Preferably they are hydrdxylated 
derivatives of corrpounds of formula (II) . Suitable compounds 
of formula (II) are polyketides. Polyketides are compiounds 
: 25;: that are bipsynthesised internally by microorganisms , usually 
d^,, novo, using low molecular weight precursors , for example 
acetyl moieties^ The, acetyl moieties in turn can be 
obtained by the fungus from carbon sources such as starch, 
glucose, glycerol, etc. 
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It will be realised that the biosynthesis of 
compounds of foirmula (I) can be in the invention a one- step 
process, as opposed to a two-step process in. the prior art. 
This is V because the host cell employed is hot only able to 
• :5 ■ comppunds;:^ Of it is also capable of ■ 

converting ; by hydroxy 1 at ion,: the compound of f orrmila ; (II) to 
- the compound : of formula (I) . Both thesis processes may take 
place inside the cell and the latter can be achieved by the 
foreign fiydroxylase enzyme. In this manner, the process of 
.10 the invention can be significantly cheaper and more efficient 
than the 2 -step processes used in the prior art. 

The fungal host cell can preferably biosynthesise 
the coirqpound of formula ' {lY de liovo, that is to say from. .. .. 
:relatively small molecules : certainly, the fungal host cell 
15 does: not -ri^ to be fed or supplied with : a; compound of 

f onrnila;; in order to be able t o ; bio synthes ise compounds : 

of formula (I) , as it will usually: be able to biosynthesise 
. : compounds of formula (II) itself . 

:' The hydroxylase enzyme is "foreign" to the cell in . 
•20 the sense that it-is heterologous to that cell . In other v. 
woirds, :th^^ riormially express that hydroxylase : 

enzyme .^^^^:T naturally occurring or;-Viid-type version of 

the fungal host cell will not express that hydroxylase enzyme 
(dr. at least not to a significant extent ) . Preferably , that ■". 
25 fungal host cell will riot normally, such as in its native 
. . state, express: such a, hydroxylase enzyme • ^t all , although 
preferably ::i not express a hydroxylase enzyme that is 

capable of hydroxylating compounds of formula (II) to f orm • : 

; . ^ host ceii. • : 

•;• ;SUBSTltUTE;SHEEt:(RlJLE 26)- ■ 
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. ■ ' ■■ -V ■-■V ';'-:v^: C : . ■ . ■ ' ■ - : 8 ■ v. ''p,: V. ■■■ ■■ . ■ 

is preferably capable of bipsyrithesising compound of. 
f ortnula: .(II) , and by expression of the foreign hydroxylase 
enzyme can convert that- compound into a compound of formula 

5 ' "' The;' fungal hdsife: 'cell "cari Ibe ainyi" suitaible- f ungu , 

However, preferably the; fungus is of the genus Paecilo/nyces 

Eupenicilliim, Trlchoderma, HypomyceSr Penicilliim, Monasciis 

or Aspergillus . 

. Preferred, fungi aire of the . species, PenicilliLmi 

1;0. . ; citrinuin or Peniciili urn suitable 

:: strains that can prod^ compact in are additionally/ 
contempl^^^ The most pref erred fun^s is Penic^^^ 

ci trail mn SANK 18767/ that has beeii deposited under accession > 

: nos . ATCC 3 8065 and NRRL-8082 or one of their descendants , 
15: which may: have been improved for compactin production (e.g. 

through; -classical strain improvement or recombinant . 
:-^p;c/'/ ■■'■'vtechniques)-^^^^ 

; :. The -fu cell^ can be cultured in any //suitable: 

culture medium^ and /linder conditions loipwn to : a person 
20. skilled: in the art, that will allow/the biosynthesis of 

compounds of formula (I) .As the cell will usually be able 
••■"/•;•; • to biosynthesise compounds of formula (II) , such compounds / 
•■••/;V- are absent from this medium . ; Preferably, culture takes place 

under aerobic conditions , suitably in a; culture medium that 
25 provides . the fungus with all the ingredients it needs to 
biosynthesise compounds of formula (I) . A culture (e.g,: 
liquid growth) medium that includes malt extract, glucose, 
■ : ;:;/:^>^'.p if the 

; SUBSTrrUTE SHEET (RULE 2^^^ 
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■ ■ ■ ■ ■ /■ ■ 9- - ■ : ■ . . . 

medium is splid. As . a giiide containing 2% 

malt extract, 2 V glucose, 1%-^ (and. 2% agar if solid) 

may be used. 

The culture medium can contain any and all of the. 
5 known' nutrientrmaterials for^ t to allow 

biosynthesis, to take place. . For instance, an assimilable 
carbon source and nitrogen source are preferably present . 
For a carbon source, one can include glucose, glycerol, 
maltose, dextrin, dextrose,;, starch, lactose, sucrose, ;.■ 
10 molasses, soybean oil, cotton seed oil etc. Glucose , 
: . dextrose and glycerol are preferred. 

As a nitrogen source, one can mention soybean meal, 
: • : " peanut meal, cotton seed meal, fish meal, corn steep liquor, • 
K : P rice bran, meat extract, yeast, yeast/ extract; ' 

15 .sodium n ammonium nitrate, ammonia aiid iLmmonium 

: I v: -^Xil^ Yeast .^extract is preferred. Certain inorganic 

• salts may additionally, be present^ for example sodium 
chloride, phosphate ions , c a 1 c ium c a rbona t e , iron (II) 
sulphate as can vitamins : and/ or amino acids . : A: minor amouh 
■2 0 of other met ;al- salti:s , may .b 

■ ; 'carbon ahd/br nitrogen ;Vsource can ' .be 'stipplied 'a:t ' 
the beginning of biosynthesis , for example as • in ' a batch 
process , or alternatively (and preferably) the carbon :and/ or 
nitrogen source is administered continuously and/br ;-x 
:g:5|:: : continually, as described in Intematidnal Patent Application 
; NO. PCT/EP98/01123 filed on 20 February 1998. 

In carrying out ; f e rmen t at ion ; (this may be conducted 
• with aeration and/or agitation. 

The temperature of the culture medium' Is pref erably ? 
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- ■ : : ■■■ V- • ■ ■ ■ : : . • ■ . i g . ;■ • : ■ ■ / ■ v ' , ■ ■ . ; ..■ ■ , -.y ; . . 

...from. 2^^^^^^^^ ^uchVas ::from 24. to' .2 6^^^^^^ 

cell; C5^^^^ from, 48 

■ 'to ■■^21'6-V^to 

■:},.:■ confound qf I: formula (I) can then; be ; extracted by 

■ ■ 5" using: a Preferably an organic ' ' 
solvent is used, . for example ether; benzene, ethanol, ethyl 
acetate, chloroform, acetone or acetic acid. Preferably the 
solvent is a combination of ethanol and ethyl acetate, or 
methanol, and column chroma t ogr aphy is employed . 
10 The hydroxylase enzyme can be a naturally occurring 

. enzyme, or can be a synthetic enzyme, for exanple a mutant or 

/variant of a natural enzyme . Mutants and variants can be 
prepared either by truncation, or by addition, deletion .or ' 
substitution of one or more amino acids as is known in the^ 
15 ' art. 

Preferred hydroxylase enzymes are from the species 
A/nycoIata ;;au to tropiii ca. such as ATGG : :3:52p4;>- 5 ; 

califbrnicus such as ATCC 15436, Arnycdlatops^^^^ 

such as ATGG 21411, Saccharothrix australensis such as ATGC . - 

^ hirsuta such as ATCC 27875; 27876 

or 20501, : erythraea such as ATCC 11635, : 

. .StreptGjnyGes: carbophilus such as FEI^--&Pii45 ' and iS trap tomyces . 

flavoyirens such as- SANK 63 684. However this can .exclude a 

hydroxylase enzyrne from Streptoinyces clavuligeris . 

-::2 5':;;: The enzyme is suitably not capable of converting 
deacetoxycepholpsporin :g (DAOC) to; diacetyi cephalb 
(DAG) . ; 

SUBSmUTE SHI^^ (RULE 26) 
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■■ r----:-'tn V,' ■ ' - II-'-'"---- ' . . ■ 

The; :biosynthesis in, thejprocess ..of ■ the first aspect . : 
c^n be aecorap^ which form the 

se(^pnd aspect . The second aspect of - the invent ion therefore ; 
telat^s - fiihgal host cell . comprising ^a polyiiucleo'tide 

that encodes a foreign hydroxylase enzyme .. cell is, ^ 

thus suitably able to express the foreign hydroxylase enzyme, 
which can convert compounds of formula (II) (eVg. 
bipsyiithesised within the host cell) into compounds of 
fortnuia (i) . Preferably the host cell will be one that, in 
the absence of the foreign; hydroxylase gene, produces 
compacting 

A third aspect of i the present invention relates to a ; 
vector comprising a p o lyhu c 1 e o t ide comprising a sequence 
encoding a hydroxylase enzyme which is operably linked to a ,• 
: fungal expression signal and/ or ^ fungal . ; The vector 

is thus one that is effective in a f uhga 1; ho s t e e 11 . Th%v v. 
; polynucleotide can therefore be adapted so that , when inside . 
a; host fungal cell , it allows .the enzyme to be expressed by 
that cell . . 

■ T^ :br expression' signal (sj can be from ariy 

fungus as described for: the first aspect ..However , it does 
not necessarily have to be from the same genus or species as 
- the host cell ; Preferred promoters are from the genus 
As^^rgi^^ the -species Aspergillus terreus or 

Aspergillus nidulans, or; from Penicilliuini- such as from^ the 
species P. chrysogenum or P. ci trinum. 

; jThe .vector • can be,; a-; plasmid, or, of bacteriophage . 
brigin:'' it may additionally comprise a terminator region : • 

SUBSTITUTE SHEET (RIJLE 26) 
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■ . . ^ 12,'- ■ 

this may also be; from a fungus Preferably the fungalv :: 
: e signaisw^^ include, promoter, and/or terminator) 

:' region are f rom a :(e::.g. highly or cons titutively ) expressed 
. ••■•.•.gene, such as ; a • • giy coly t i c gene , for example > 

.v;ii:V: (pgric):: or ;gluGos^^ : : 

dehydrogenase ( gpd) . Preferably the terrninator is from the 

same species as thes promoter. The ve c t or tnay further contain; 
one or more additional sequences in order to optimise the 
production of compounds of formula (I) . These sequences may 
10 . include , for exan^le , a P45 0 reductase. ; 

The vector will : suitably also contain a selective ; or 
selectable marker or, if two or more vectors are used (such 
as in a co- transformation procedure) the marker can be in 
; another vector. . This marker may confer resistance to one or 
moTB inhibitory substances {e.g. antibiotics) or the ability 
: ■ to Utilise certain ihutrients . :; For example., it. may confer 
resistance: to :h^ or phleomycin . Alternatively a 

. ;\ \. marker- free system can be employed^V 

The vector can itheref ore be used to transform or 
20: trans feet a fungal cell in order to produce the/cell of the 
..i/^:^.;:: !^ aspect. ;.; Transformation and/or transf ection can be 

accomplished using known techniques . A fourth aspect of tl^e; 
• invention t heref or e relates to a pr o c e s s : • f or t r ans feet ing or 
' • • transforming a host cell ( such as to : produce a : cell of the : 
25 second aspect) , . the process comprising transf orming or^^^^ 

: transf ect ing a fungal cell with a vector of the third aspect 
A fifth aspect of the present invention relates to 
polimucleot ide compr is ing a s equenc e ehc oding a hydroxylase 
■ "enzyme; operab linked to a furigai; e ; 



SUBSTltlJtE^!^ 
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•t'ifungalVpiropfeter. 

, A sixth aspect relates to a confound of formula (I) 
when produced by the process of the first aspect or a host 
:, cell o the second aspect . A seventh aspect of the inyehtion 
> 5 xal^tf ?■ tp,..^ Pliarmeeii^cal cornE>osi^ th^ ■ . • : 

, cpn^jpund of the sixth aspect arid a pharmaceutical ly 
acceptable carrier or excipient . 

jPref erred features and characteristics of one aspect 
of the; invention are; applicable to another, aspect mutatis 
10 mutandis. 

The invention will now be described by way. of 

to . the following Exaniple^> which 

; . .are /provided} f^^^ 

being limiting on the invention. 
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EXAMPLE 1 > 

; : tsQiatidn StreDtdrnvces carh^^ h ydroxylase derie. 

S train >S.cari)ophi J us depos i ted at the Ferment anion 
■ 5 Research Institute , Ibaraki-ken, Japan under Accession: No • 

raRM"BP1145^v^ was grown at ZS^'C. for 72 hrs in a liquid, medimn 
■cohtairiing;:::-?v ^ 
■■■ ■^ ';;^v^ :y;^ast .-extract- /. ■ ■ . Ig/l 

cas amino acids ^9/1 
10 . glycerol . . ^ 

MgS04 ; ' ^9/1 

■ CaCl2 ..■ ■ O.lg/1 ■ 

trace elements solution 
{0.:;i% Z^^^ 0»1%; FeS04.7H20, 

15 • : - . 0.1% MnCl2.4H20) . 2miyi 

glycine (to a final concentration of 0 . 5% ) . 
The mycelium was then harvested by cehtrifugation/ 
: : washed once with; 0v7% NaGl solution, and subjected to a total 

DNA isolation procedure^ 
20 For isolation of the compactin hydroxylase gene 

the following 4 oligonucieotide primers were- prepar based 
■:" on the published sequence^ i (with minor adaptations to: : 
: , facilitate cloning) : ' 

pirimer 8804 5 ' -CACCATGGCCGAGATGACAGAGAAA 
-25- primet .88 05;, 5 V^CAGGATCCCGGTCGGTCTVGCAGGTGACC-S • ; 

suBSTrruTE siBffiET (Ri^ 26) :v;, ' . 
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Oligonucleotide combination 8804/8805 Was used to amplify the ;: 
hydroxylase gene from the S. carhophilus chromosomal DNA using 
PGR- With the following characteristica^:^ first cycle 3 . minutes;.' 
96 ""C, 30 seconds 60°C, 80 seconds 72°C; next 29 cycles of 20;: 
seconds 96 '^'C, 30 seconds GO°C, 90 seconds 72*'C; and finally 
one cvcie of 7 minutes 72 *C followed by quick cooling no ^'^C. 

A DNA fragment about 1.3 kb long was obtained 
containing the hydroxylase gene. The 1.3 kb blunt-end PGR : 
fragiaen" was inserted into the general cloning vector pGR- 
blunt .Stratagene, La Jolla,- :: USA) , resulting in plasmid, 
p)GRP450a. 

EXAMPLE 2 : . 

Vector construction and transformation of . .:coii 

" :■ For the introduction of the hydroxylase gene into ; 
different filamentous fungi a set of transformation vectors 
was ccnstructed. These vectors were. based on: several general 
fungal expression vectors of the pAN series'*', part-icularly ^ 
pAN7-i and pAN8-l. 

pAN8-l was digested with Ncol and Smal and into it 
0 li gated the 1 . 3 kb fragment encoding the : hydroxylase gene, 
obtained by digestion of pGRP450a by EcoRV and partially by 
Ncol . Thai i gat ion mixture., wa s introduced in E. coJi strain 
XLl-Blue (electrocompetent cells, Stratagene, La Jolla, USA) 
using the technique recommended by the supplier. Thus plasmid 
5 : pANP450a was created ; and isolated, . derived from insertion of 
the „PC?. ;. fragment , obtained from primer combination; 880^/8805 . 

SUBSITTUTE SHEET (RI^ 26) 
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The identity of the plasmid constructs of £. coli 
trans:fprmants; was conf irmed, by restriction en2:yme analysis 
and DNA sequencing, 

EXAMPLE 3 , , 

T r a n s f o rma tion of Pen i cd Ilium ci t r i num 

Protoplast .formation/ transformation^ piasmid 
DNA^: and regeneration of P. citrinum was carried out similar 
to known methods for transforming filamentous fungi. 

For fresh conidia formation P. ci trinum;: ATCC 38065 
was incubated on plates containing PDA (potato dextrose 
agary Pifco) at 26**C for 10 days. To 20 ml of YGG medium : (6:.:6 : 
g/1 Yeast Nitrogen Base (Difco), 1.5 g/1 citric acid. 6 g/1 
K2HPO4, 8 g/1 KCl, 16 g/1 glucose, and 2 g/1 yeast extract) 
conidio spores were added to a. final concentration of 10'' 
spores/ml. After incubation for 24 hrs at 26°C on a rotary 
shaker (280 rpm) 5 ml .of germinated spores were inoculated; ih 
100 ml of fresh YGG medium- and incubated for another. 16 
hrs .Mycelium was collected by filtration through sterile 
Myracloth™ rinsed with and resuspended in 0.27 M CaClo/ 0.6 M 
NaGl at: a concentration of approximately 1 g mycelium/20 ml . 
Protoplasts were prepared by incubation with NovoZym^ 234 at 
a final concentration of 5 mg/ml at 25*'C with slow agitation 
(50-100 rpm) ; until maximum protoplast ation. Protoplasts were 
: separated from .the .mycelium by f iltration: through sterile 
Myracloth™. The protoplast suspension was diluted (1:1) in 
STC buf fer consisting of ,1.2. M sorbitol,, 10 ,mM Tris-HC.l (pH 
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7.5), and 50 mM CaGl;;, and ^.incubated on ice for 5-10 min. 
Prptopiasts were eollectedv, by c^ntrifugatidn (3o66;, rpm, 10 . 
; min, 0-C) and washed twice-wi Finally, the,: 

protoplasts were resuspended at a final concentration of lo"^.- 
'::0i^-::v:;5..:' ;10Vml- "in ST^ 

Transformation of P. citrinum was carried out by 
z^/;^ : c of plasmidS: :pANP450a and pAN7-l as follows: 

AO pi of a solution containing 40 ]ig of plasmid ; DNA 20 ]ig of 
^^^^ : e plasmid) . in the presence of 200 itiM aurih tricarboxylic . 
iO: lacid was carefully mixed with 100 pi of 20% PEG 4000: in SIC, ■ 
followed by; ::2()0; vil protoplast-suspension and incubated for 20 
. .min at O^'C, Next, .100 \xl of 60% PEG 4000 in STC was:: added; ■ 
y,. f ollowed by : a 2 0^: miiiut e incubation at room temperature . • 

: To^^^o^ of transformed fungi: polyethylene : 

15 ^ g 1 y c o 1- 1 r ea t e d pro top last suspensions were diluted by 

addition of 5 ml of STC and the protoplasts were collected: by 
centrifugation . (10 min, 3000 rpm; 0°G). and resuspended in , :■ 
500 ]il of STC. About 100-200 ul of this suspension was 
■y plated o n t o o smo tic ally stabilized (1 . 2 sorbitol) agar medium 
20 to which Hygromycin B was added to a final concentration of:.- 
1 00 ug/mlv- ;: ■ ■ ■ .. . 

Strains growing under s e 1 ec t i ve : condi t ions were left 
. : to sporulate :.{14 days) / and purified by restreaking /pn PDA . 
containing 100 |ig/ml Hygromycin B. The presence of the.-- . 
-::'>25:- compactin hydroxyl ase gene sequence in the respective ; 

; trans formants was confirmed using the PCR technique as 
' described in Example 1 . ' ^ '- ^ ■■■ "r 
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Strains proven to have obtained and integrated the 
transformed plasmid, including the complete hydroxylase gene 
were selected and named PRA201 through PRA 208/ 

EXAMPLE 4 .... 
Fermentative production o f pravastatin hv Penicillium 
citrinum transformant strains . . 

A batch of culture medium with the following 
composition was prepared: 

Glucose "... 75.0g 
Yeast extract (Difco) 5.0g 

The transformant strain numbers PRA201 to PRA20:8 
were maintained on agar slants, and allowed to sporulate. 
The spores were collected from the agar medium, suspended in 
Siterile water, and used to inoculate 100ml shak^ flasks/ 
containing 25ml of the culture -medium. 

. Each strain- was cultivated in. duplicate shake ; 

f lasks 

; The production cultures were incubated at 25^*0 and 
250rpm-on an orbital shaker ; After . 5 days . of incubation, the 
cultures were sampled for statin production; 

One ml of culture broth was transferred to a plastic 
tube, and diluted with. 1ml methanol. The tube was stoppered, 
and subsequently shaken for 30- minutes on a Vortex, shaker. 
Subsequently the tube was centrifuged to remove the 
precipitate. 

. T^ fraction was analysed using HPLC. ; 
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, The, product ion of ipravastatih f;:w^^^^ observed by the. appearanqe : 
of a peak at the charaeteristic retention time . The ^ic^^ 
of this peak was: confirmed by -the addition of a pra^^a^fcatin' 
standard tO the sample, which caused an increase of this 
,.. 5 „ .peak,, , and by ..analysis, of the ,,UV.,: spectrum, ...which., was .. identical 
:. : ; to that . of a genuine pravasta;tih standard. 

■^^^ production levels (in^rt^ 
trans formants is as follows: 

Trans formant Production level (in duplicate) 
10 : - PRA 201 ■ 1.91' / i;88 

PRA 202 . .5,95 ./ 3.37 

PRA: 203 6.80 7 4.53. 

PRA 2.04 ^ . ?-2-9 / 9.57 • 

. PRA 205 ■ ■ ■ 1,78-./. 1.12 

;i5:-;v V ; .: PRA:206 . 5.00 / 5.92 

PRA 207 ;; 1,58 -/. 2.15 

^ 5.04 /';6.91 
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CLAIMS 



1 . A process for preparing a compound of formula 

(I) 




wherein: 

each of r\ and independently .represent. . a hydrogen 
atom, a hydroxy, Ca-io alkyl, C^-io alkoxy, Cj-tlo c^^^ or \ 

C^-io .aryl group or a C7^n aralkyl group optionally containing 
one or more hetero atoms; 

represents R^CO- or R^C(0)0-; 

each of R- and R^ independently represent a hydrogen- 
atom, -COOR^ (except .that then R^ is not a hydroxy or alkoxy 
group) , "OR^ or -COR^ or, when combined complete a 
six-membered carbon ring having one or, two oxygen 
heteroatoms ; 

wherein each of the alkyl, alkoxy, cycloalkyl , aryl 
and/or aralkyl groups can be optionally substituted with one . 
or more halogen atoms , trif luoromethyl , hydroxy or C1-4 alkoxy 
groups ; 

and w, X, y and z represent none, 1 or when taken 
together up to 2 double bonds; 
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\^ •■. ' ■'^''-■:[:;-. /. ■ - 2^:'}r■ ' ' ' ''v^'^h-v-''' 

or a salt and/or isomer thereof 
; v^^^^^^^ ec^mpris in^ cultur ing a ■ iiingal hos t cell-' : 

. : ; that;- express a foreign hydroxylase enzyme urid^r conditions : 
that allow bi^osynthesis to^ take place. 

^, . V^.//^ .P^°^^^^ ^^^*^.^^^.^9r ,^9 pl^im jL where^ 

represents a methyl group, represents a hydroxy group 
/^nd/or there , are ; two . dpii^ at positions, x: arid 2 .' 

3. A process according to claim 1 or 2 wherein 
represents a 2 -methyl butyrate group, R^ represents a hydroxy 
: 10 . /group and R^ . repres^^^ 

4 . A::process according to any , preceding claim 
: wherein the Vcompoim in HMG-GpA reductase inhibitor ; ■ '^^^^^^ 

;: 5. . A process according to any preceding claim.' for ; 
preparing pravastatin (either in acid open; ring: or lactone • 
; 1.5 form) or a salt thereof 

^ : A polynucleotide comprising . a sequence encoding 
; . . a hydroxylase enzyme operably linked to fungal expression 
signal { s ) and/ori f unga prompter . 

"7 ; - A pplynucleot ide . according to claim 6 wh^irein . ; 
20. the hydroxylase enzyme is of bacterial origin. 

^ • A pplynucleptide according to claim 6 or. 7 
; wherein the hydroxylase enzyme is from Streptoinyces. . 

9. A pplynucleot ide -accord to any . of claims .6 ; 
to 8 wherein the:: signal (s) and/or prompter are from 
25. Aspergillus or/ Peni cilli im . 

. 10 . A polynucleotide according to any of claims 6 . 
to ? additipnally comprising: a. pgk or gg^. gene . 

il, A -yector comprising a polynucleotide as defined 

v'in;;.^ny.;. of claims 6 to 10 ■ 
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12., A process for itransf acting or transforming a 
host cell i the process comprising transforming or ■ 
transfecting a fungal cell with a vector according to claim 

11. - • ■ r-;_^y . ■ .■■ ' . •:• 

• ,. „13 ... r;.' A;; process ; acGoi;ding;, tio claim ,12 wherein ■ 

host cell i S CO- 1 rahs f ormed with another .vector which v 
. contairis j airs eiec table or s e 1 e c t i ve : ma rk e r . ; ; • 

A process- according to : claim 13 wherein the 
marker confers resistance to either hygromycin or phleomycin.. . 

15. A fungal host cell comprisincf a polynucleotide . 
that encodes a foreign hydroxylase enzyme . 

16. : A host cell according to claim 15 obtainable by 
-a . process as def ined in any - of cl 12..;to a4.:t)r::, c 

a polynucleotide as defined in any of claims 6 to 10. 
;^:^';^■■y,r:■:.^^ accordlng to claim 15 or 16 which 

is Penicillium ci trinum or Aspergillus terreus . 

; 18 . A host cell according: it o an^^^^ claims 15 to 17 
which is capable of biosynthesising, de novo, a compound of 
formula (I) . ■: 

^9 : . : : v; • A' , hos t • ^'ce 1 1 according to any ; of ■ claims 15: to 18 > 
which is; cap^ of f cbrimila 

(II) j[v?hich is formu OH, at ■ tfe e-positi^^ is 

replaced by H) ; and converting it, by the hydroxylase enzyme ; 
into a compound; of formula ( I ) 

V 20 A host ' cell a c c o r dirig^ ; t o any of claims 15 to 19 
which can be used as the fungal host cell in a process. as 
defined in; any of 'claims 1 to 5. 
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21, A compound of formula. (I) produced either by a. 
process according to any of claims 1 to 5 or by a fungal host 
cell according to any of claims 15 to 20. 

22 , A pharmaceutical composition comprising a 
5 compound according to claim 21 and a pharmaceutically 

acceptable carrier or excipient. 
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